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v\]3-Z] 7l^# ^ §^]iEl ^ ^l^wj-^ {Single electron transistor 

having memory function and method for manufacturing the same} 

i 3 vflx) £ 12^r Al ^] ^110 o)^- pflss) o. 

£ 14^r ^A)d\}6\] o]*v DflJ^ 71^ ^^7]- E^fl^^o) 

3L7]o\) rrf^ ^^7] ^(oscillation period voltage) ^ t^aI^o] ^gLs. ^ 

^ ^ISl" TflojE ^oj-o]! r=eflO] ^S.^. ZLSfl^Olcf. 

£ 16 ^7) £ 20^r ^Al^ofl o]*> 7 ]^# ^^7> H^fl^^ 

50, 54:^11 ^ 7^12 

52, 57, 72, 76, 82, 84, 88:^1 tfl^l ^7 
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1020030007758 ^^ Qx}: 2003/3/8 

54S:^£.i 54D:^efl<a <& ^ 

54C:«<3^ 56: 0 ^>^ 
58:M^ 60:t]]o1h ^ 

64a, 64b, 64c, 70:*fll ^14 

58a, 58b, 62a, 62b, 66a, 66b, 66c, 66d, 68a, 68b, 68c, 68d, 74, 84a, 84b:*fl3 
ifl*l *fll5 

78a, 78b:^^^- afl€ 80a, 80b:*fll ^ A)2 5.^ >nfl<>H 

86:*}^- 7flo]E 90a, 90b:*fll ^ *fl2 4 Vj f TlM^. 

D:^ll ^ »12 S^A]-o]o] 3.3 Dlf D2> D 3:^n vfl*l ^3 #3 

<19> o^j.^ 0 ]i4 o.l run*} 3.7}$) ^^^.S. =-c^^l ^ o. ( St^o^ o] 

^7} jLJ2fe|- oie-i*}- jl-bJ-!- o] i*}^. c^*} ^^>, ofl^cfl c^*]- e ^i^. 

eKSET)^ th=K 

<20> ^ SET^ ^^.r^ JE^l^c]^ ^3.7) B] & 7 fl^ ^>^2f ^7l-g-^=^ 
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1020030007758 ^^ 2003/3/8 

<21> £ 1# %1"^>^, 71^^ o]*V E^^^Ei^ ^^#(10)^1 <3<* 

^oHl 7)1 o)E #^.(16)°1 £U, 'SMHM ^^^(10)o] 4^ ^l^ *\}7] 

S\o] 9XJL, ZL ^V&|ofl 51^(20, 22)o] £^^(20) ^>Hfl^ ^<3# 

(10H1 ±SL+ ^^(12)ol ^^}JL, A]2 £^sv(22) ofEfls] ^fKlOHl JE=efl<y cgca 
(14)oj ^fltbtf. ^ =efl°l ^^(12, 14)£- 7)1 o]e ^^-(16) o>sfl^l s^s) o] 

SI*]-. 7)1^1^ ^^-(16) o>Efl^ ^<£#(10H #*Ke)7} ^^(quantum 
dot)(18)°l ^fl^t}. <£*>*Kl8)£r iii ^ ^eflol ^ ^(12, 14)aH°11 ^fltVt}-. 

<22> £ lofl £ A]^ 1^*} H^^j^E^ ^-f , <a=^(18)-i- 5^*>7fl ZL?]jL ^ 3J-^ 

£ 2^r H & §>q-ofl rfltb ^SLoju}-. 
<24> £ 2# ^§>^, 7l 3^(30) #4) #3^(32) o] ^fl^jL, #3^(32) ^e]^ 
#(34) ol ^fl^-c}-. ^-g-#(34)^ ^^(34a), ^^^^(34b) ^ iELefl^l eg 03 

(34c)Jl5. ^slc]-. ^^^^(34b)ofl °<J=*Hi(34e)°] ^^t}. °l s| ^ ^^^*( 34 )o_ 
ojz^ ^^oj) ^V^(34e)* ^SLS. tfl^-g. o]^±- :gs^(36a, 36b)°l 

^m^r. °^>^(34e)^r ^^(36a, 36bHl &f>}7} (charging) %Sl£.»\ 
^^(36a, 36b) ^ *}^}^r #^ ^e]^o.S. c^b^ 7]} o) je (deplet ion 

gate)(38a, 38b)7> ^o)X\ ^Efl^ ^fl^nf. c^e}^ 7flolE( 38a> 38b) ^ «y=^>^ 
(34e) ^ ol^^M 9X^. ^^(363, 36b)AS^-Ei o]^^ °]^6\] m.?) ^e)^-o.S 
tHS^ 7flol.j=(40)7> ^7fl^cf. ?H| 7)lolE( 40 )o] rq^el^ 7flolE( 38aj 385) 

A V°H °<M-^(34e)^- ^«fl W ^Efls. c^b^ 7flo]E( 38aj 
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38b) 7\v\o\ o\) ^7D*Vcf . ^^#(34)^ ^SW36a, 36b )^ TlH e (40)aH^ 
"til ^^^S *fl*^ &cf. 

o]^ ^-o] j= 2*^1 £^1=1 ^£fl^ e^^i^e^ ^-f, ^^-BV(36a, 36bH 

^^># *>3*H °^>^(34e)# ^^*>7l oj^^ 37 ju). ^xj. ^ j-^o,] 

o]±=. ^J!E°] ^fl^^^: ^Jl 5^. A oM^ ^ ^<>1 ^^S]^ 7flolE( 38a) 38b ) 

2}- ?lE f 7flolE(40)^ ^-o] - 7 fl ^01^7} 7-V]S\7] ^ ^2.7]- £i 

[i^-^ol ol=j7^ is}^ 7^ 3^] 

£ o]- J7^S>^ 7l#^ 3zf^)l^ ^Efl 7)^9] 7fl^*>7l ^ 

t^ 0 ] *>^r 71^^ oje^ I?!^|iEj2] «o V 
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1020030007758 <Qt\: 2003/3/8 

^€ *l|2 71^, #7l ^12 7l^r #ofl ^7) *fl^*H ^o]s_ ^uf 

3 <£*>3°1 t^Jg - 54* ^£^1 ^ ^7l Ej^^J #ofl ^£ Jf 7 fl 

^ 711 o)E ^^fr ^l^Hr ^ ^^jOS. ^ nflS-el 7l^ ^-^^> 

#7l afli ^<£^- A oHl ^f^^H ^ o_>, <^<* , *H^<3^ ^ ^eflo] <g<* 
^-S. *fl2 7l^r, #71 *fl2 71^ #ofl tg#^ ^2 *4<£^, #7) sfl^SH ^ol£ 

5>l4S] ^7>^o] ^ ^cq TJ-^O.^. A o > 7l ^^l tfl^flS)o1 ^71 ^fl 

O.S^-Ei Ei ^ ^ 5] ^ ^7>7> - 7 flo) E g ^ 2 ;§ <£ 

nV Aj-ofl fg>^ TflojE ^^-o. zp-ti]^ ^ o. S^O S ^ oflS-S) ^;^7> 

E^g^^Eii- aH^tj-. 

#7} t}€- 7l#^ -4*)1» ^s]-7l 3l*H, *fll te^lf^ ^cH ^SI- 

'S *ll2 ti>£^l#* £*>3o_5. ^ # ^ *fll ^Tfl, #7] *]12 tiV£^l# #011 Eivgig 
^^^>^ ^2 #711, #7l ^12 «V£^ll^Sl cg^ofl ^o^c ^l-uf^ o^|.^ol 

^ ^-£2] Tj-^ 0.5. #71 E|^ ^ #oll ^o^£ ^ 7 flSl E^fll ^3 
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#31, <#7) §^ft4^ ^7} 3HM ^-fr *§^*Rr 31 4 

#31 £ ^-7] *fl2 #5131 #<Hl 5L#^ lr^#°l ^ J=3l<?] <3 ^ «§^*> 

*>Tr ##*> S^^l^Ei ^3: « 0 ^# 31 
<32> ^"71 ^4 #3HH ^"71 TiHE ^-71 Eefl^S-^ ^ 5£fe <g^- ^Hl 

<33> ^71 ^4 #31^7 ^71 E^s-o. g^jg. AV 7 1 ^-o. ^ ^ 7] ^ * # 

1: 3 lt^4 # 7 1 E^^s-a- £5^=- #7l Ej^ ^ ^ ?1 ^ ^Tfl ^ #7l 
M^-g- #-°-3 ^"71 E^^ ^ <^«. c$<q AVoj] a o V 7 1 7)) o] E ^.g. ^ 

<34> #7] ^5 c^ji. 4V7I ^ ^-3l# tfl-g-£|i=. A cM 711 °H 

^ #31 4i3 Sfl^i^- ^-^*>^ #7fl ^ ^"71 3fl ^o] Tgofl #7] 

5^ <3£r #311- Ei i^^. 

<35> a o V 7 1 315 #3HH #7l di^.^ * ^eflo] cg<3^ #7] 711 o]E ^* 

<3 #7l 3l<3-<= x£c]) #7] 1-^^- o]^- fojsH 

<36> # 7 j J=L^## Zl-ZM- i&*l*l l-e^>£^- #7l ^^17151, o)^ ^ 

£3l# ^ £^ 31 = ^^-^^- i^>^ ;ee*1^ 01=0^^1 
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<37> ol<4 ^O] £ i^ofl c^7> E^^fe ^O] CJ^>J1 ( TflojE ^ 



y o V ^^ 3^ S 1 ^* t^^o^ ^Ml*>7fl ^^W. °1 51 3^1 € ^o] 

<39> £ 3 tfl^] £ 12# t£5foj tfoj:^. ^Al^ofl o]*V c^*} E^*) 

^^*V cf-g-, £ 16 xfl^l £ 20-1: %^}<*\ ZL ^2 ^ ^^^cf. 

<40> <7fll ^Al^> 

<41> ^ X ^Al^ofl ^-^7> E?fl7)A^ £ 3 o]l £Alt!- W>2f ^"Ol, 

^-(52) $H ^tilt!;£}. 

<42> ^1 ^^^-(52), ^ ^4 ^ Hfl^^ A_V5j.nI. 

(buried oxide) -M 5=^^ ^2 71^(54)^ &tf. ^<?t^(52)-4 *l]2 7l 

&(54)£ SOI 7]^ ^^=k ^2 71^(54)^, ^ 7l^-o.^ i^i^^. 

#n ±^9] 41 ^r^o] S^S^M 01^ ^ 2 71^(54)^ ±SL± 

^^(54S), *m <^(54C) ^ =efl^ ^ ^ (54D)-MS °l-f-<H^ ^^c-fl, *fl (54C)^r 
^^-^ ^ ^efl^l <3^(54S, 54D)A>o]ofl *ti\l ^^(540)^ ^ ^*H1 

7> ^1^, ^ 7H V € ^ SU^r °c^7l-^(56)ol 
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*Jm«8^(54CH «#*HK56)<>1 ^titB^Tr <#7}^(56) t-elH 

^7flf>§- ^Ht!:4. °^>^ (56) °1 ^3^1 ^V^(56) t|H*r #x}7} ^ $1~ 

Q*}^ °flM*l #71 oflui^l €^tt °^>^(56) t-^Hl €-7fl*Rr °fl 

(barrier)^ rrfs]- ^e^tf. ^, #7l oflui*] ^-^S] ^o] 7 > 

°o^>^(56) ^1 iL^f ^lM^l §^7> ^^tf. TflojE ^^.( 60 )oil o]7>£l^ 

°fl ^*fl, °^>^(56)ofl -fr<g^ ^7>7f ^>7l ofluix) ^ifl6fl «fl^S)^ OH] H *1 S 3fe 

, A oM ^7>^ ^>^(56) l:5llofl €>*1)*Hr ^7} oflui^ ^ 
<3(54SHH ^eflo] ^<*(54D)-°S. JL» ^ 5^. <^7>^ (56)^1 -ff-^Tr #7}7> <Hi^ 

§^7> <#7}3}-=} ^ JLB}^ nfl, 7flo]E ^q. (60)o1 ] ol 7 }S)ir «L*V 

^-ir ^ ilcf. cfA] ^>^, (56)^1^^ oflui*! §^7> ^t.}^^} *j) 

£-°fl , #7] *fl^Sl^ TflojE ^oj-o] o] 7 }^ tcflnV ^^.^ ^^(54S)^1^ 

^efl^l ^^(54D)A^ ^^}j L> ZL 9)2) 711 o)E ^SHH^r ^7> 

*\7) SHr^. 

^ = afl<y <3^(54S, 54D)£r ^7l *fll J£*i^ lr^#3f ^o) aVtflo] ^ 2 
51#^ 5.*§S)°) $X^. °H, ^71 ^12 ^£^r # 

^ 3<>1 w^^th ^12 71 ^-(54)3] ^ofl ^7]- E^^^- *\}2 
1^^(57), ^11- ^VsKKSiC^H ^7fl^>ZL, z\}2 ^^^(57) ^Hl 

Ti^(D) 1 ?]:^ ^^^1 ^ A]2 m^#(58a, 58b )ol ^fl^tf. ^ ^2 S^(58a, 
58b ^7>7> j=^€ ^ A]-olE( tra p site )7> ±^ ^i, dl^- s.^ 1012/cnf 

°] o v ^^fl^ q-oleefolc^ (SiN) £^ PZT# -^o] ^ ^ oicf . ^- 7 1 
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a>o]e ^£1- Tj-f , ^-7) PZT^ 4^- 7 <Kr3l* 0 l ^1 ^ A2 

(58a, 58b)JlS. ol-g-^ ^ oicf. £ 3-i- 7}^ , *fli ^ *fl2 i=^(58a, 58b) 

^SLS. m ^ *I12 J=^#(58a, 58bM>o}l- *fl-fi=. ^ ^0)^ ^( 60 )ol 

TllojE ^^-(60)^1 ^J-g: *]7HrKr ^-f , *fl ^<£<3 (54C)4 ?1H ^(60) 

^ ?l#^(couplingHl 21 ^1 ^ *\} 2 E^A( 58aj 58b )o]l ^x>l-ol E^( trap )^c|- 
. *fll ^ XI 2 M^(58a, 58b)°l &*\S. ^€ (charging) 5)^ % + , ^ Xl2 

S^(58a, 58b)3r °Fr^ *flli^(54C)£- ^l-S 91^, °]^%)°] 

^ ^(accumulation layer)°-5. #7fl S}^ wVig, *)U ^ *fl2 S^(58a, 58b)AH°H cfl 
-§-51^ ^^^^(54C)^1 ^>^(56)ol ^^t}-. ^^^^(56C)^1 0 <J=*HI (56)°1 

^€ <3^£r ^^>7V &7l nfl^-ofl, ^(inversion layer) ^t}. # 7 1 

^^-irefl 0 ]^ afls]<>|(barrier)S ^-g-SM °^7>^(56) £ 13 (bH 

wvsq. ^ ofluj^] <S^^cf. 5. 13 (bHH El, En^r «£7>3 

(56HH ^7>7> ^^1^- ^ ^ oflui^l n «i^ ^l^M ufBl-^cf. 

62a' s\- 62b' ^ ^i^l-S. ^13 ^ *fl4 e^^s-o. 

afll ^ X12 J=^(58a, 58b)o] f^sl^i <#7}^(56H1 ^^S]^ «*flui*| ^ 
(El...En)°fl £l*fl 711 o]e ^ *V «>^f ^sJ-^JElsL, £ 3*1) Sa]^- e 

#£r°1)>H S. 3^1 -£^1*1 Eg7|iE] 7 f #*17} M^l^Sf S-^-l; ^>7l 31 

sfl^Tir °cf7r^(56H 371, ojmcfl 100nm°l*}<?] ^ til-^-^^c)-. rcj.^ 

°^>^(56)^1 37l# XU ^ *112 e^^( 58aj 58b)A]-ol^ 7i^(D)^ ^ofl>H 
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1020030007758 %^ 2003/3/8 

100nmol*l-o] ^o) ti}-^^. JQ-Si?} ^V^cf ^ ^°- t e^ae] -g-^-g- 

^-g-^V^ °^l-^(56)^ 3.71^, <^mcfl lOOnm^ ^ 01 cf. 

<48> <^2 ^Alojl> 

<50> £ 41- 7\]2 ^Al^l^ o]^ ^7.}- E^]A E ^ 7l^;(50) 

^Ml ^1 ^^BV(52)^- ^l^Kn, ^^^"(52) #<*H ^^^1 <^^(54S), 

(54C) ^ =efl«y <3<* (54D) iLS ol=<>|^ ^ 2 71^(54)* ^ltVcf. A}2 71^(54) ^} 

*112 ^<3^(57)°1 M^S\o] *|2 €^^-(57)^ ^Jit} 

5tU, ^ *1]2 S^^(58a, 58b)^r *fll ^Hl^f ?i^(D)* 
-fr^l^: *fl2 ^<3^ V (57H S^-SM $X^. S. 4<>fl S.*Wt *\)2 ^.^(57)^ 5. 3^ 

*fl2 ^<3^(57H ^ *)12 J=L^(58a, 58b)^ll- *fl-f^*l ^1 ^ ^ 2 S^(58a, 
58b) -S-^-S ^-^-S ZL S^^r ^^^711 5)<H ole.^ ^^°V(57) -#°\] 

»MS ^l^(60)ol olt^-. 

<5i> <*1]3 ^Al^> 

<52> £ 5 ofl iAl*V W><4 ^-ol ; ^]2 ^AHHl o|*V u^7f E ^J^1^ E ^ <^ ^ 

^•5], ^12 ^<3^(57H1 ^ *fl2 i=^(58a, 58b)# ^ ^ 2 H«a* 

(58a, 58b)4 #^ol cfa ^3 ^ ^4 M^#l-(62a > 62bH 5L^€ ^8°1 
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*fl3 ^ *)U J=^(62a, 62b)^r *fil ^ Xl2 E.^%-(58a, 58b)2f LH(D)AS 

Xj3 ^ *fl4 E^^( 62a , 62b)^r ^ ^ A]-olE( tra p s i te )*- 

(62a, 62b)-£r S.^^r "fl^l , *fll ^ Xl2 J=^(58a, 58b) c>l z}-z| o]^ ^o] e 

^^l^E^ <£^£) 3}o}ci) ijHfl, ^3 ^ *fl 4 M ^#(62a, 62b)^r 91% ^ S^*] 

<53> <^ 4 ^Al^> 

<54> ^-7]^- ^1 tfl^j ^A]^S!f ^e) ^^^^(56C)^1 W^l^l ^^lE 

<55> ^l^ilS. S. 6# %^*>^ , XU 71 ^(50) ^Hl afll ^^^-(52), Xl2 71^(54) ^ 

*H2 ^<£s|(57H ^>^o.S 3#£H $14. Xl2 ^^^(57) ^<H1 Xl5 vfl*] x\)8 
##(66a, 66b, 66c, 66d)°l ^)S, *fl5 J= ^(66a)^ *fl^<8^ 

(54C) A <H1 XI 2 €^^-(57)^1 ^ <3<3 ^MH ^(54S) ^S. 

9X3- , z\}8 M^(66d)£ X15 M^#(66a)4 <&tfls ^fl^^^(54C) #<*fl X]2 ^ 

^^-(57)^ ^HH JEL3l<y <^(54D) ^3°! $14. ^6 ^ ^7 M^f- 

l:(66b, 66c)£- m ^ *fl8 J=^!-(66a, 66d)^H^l *\]2 ^<3^(57) ^°\) 

31^-. Xl5 ^ Xl6 S^##(66a, 66b)£r afll #3 (DDiLS o^^H cflji, §1 
Xl7 J=^#l;(66b, 66c )^ Xl2 ^(D2)o.S, *fl7 ^ *fl8 J=^#lr(66c, 66d)^ XI 3 ?i 
3(D3)J1S. ol^^H o|cf. ^5 ifl^ ^8 E^^( 66a> 66b( 66c> 66d) ofl #*} 7 } 

A J=^A}olo|l cfl-g-El^- ^^<^^(54C)^1 °^7>^ol ^A^^y] nfl-g-ofl, q]^] 
X13 ^(Dl, D2, D3)£r ^^^^(54C)<H1 ^^o] ^ oj^ ^ a>eJ- 
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i^, #£r°lH afll vfl*l *fl3 #3(D1, D2, D3)£ lOOnm^l^V^l «>^M*> 
31, ^r£7> ^^.c} ^-o>^^ n. ^o. ^ ^ oicf. %v s «.jr 64a, 64b 

^ 66c ^ ^15 tfl^j ^18 S ^*( 66a) 66b( 66c> 66d)<Hl ^^l-ol #^5^^ tfl^l 
3 #3(D1, D2, D3H] cfl-g-sl^ «<3^(54CH] ^13 ^V^!-^^. A 

5 ^18 S^#l-(66a, 66b, 66c, 66d)^r ^1 1 *fl3 #3(D1, D2, D3)^ -f-«fl^ 

^12 ^<d^(57)^ 7flo]E ^^•(60)^.S 9X^-. 

<56> <^5 ^]AH]> 

<57> £ yofl v}<% ^-o] ; *fl 5 ifl^ *fl 8 E^*s.( 66a> 66b> 66Cj 66d) o. 

€^-(60H o>u|e} tfl^ ^3 #;*(D1, D2, D3)^g- ^2 *i<£^(57)°.£. 

?l IL, 711 °m #^-(60)^r ^ls^*!- *1l2 ^°m-(57)^l ^^*V S^^Hl ^3<H &4 

<58> <^}6 ^Al<^]> 

<59> ^^O]^, £ 8 °fl SL^*]- V}2\- ^o] *)]2 ^<^BV(57) ^fl ofl ^15 

^} m J=^#l:(66a, 66b, 66c, 66d)# tfl^l*lH aflg ^12 J=^#-i-(68a, 68b) 

68c, 68d)°l #*fltH=}-. *fl9 *fll2 S^^#(68a, 68b, 68c, 68d)£- ^15 ^]8 B. 

^#l-(66a ; 66b, 66c, 66d)4 ^-g-# *Vcf . ^9 ifl^l *fli2 H^iMj- 

(68a, 68b, 68c, 68d)£r £^ *HM» ^ 1-°! 

H^r 7fl=p>^ ^ ^ #^^^1^-. 
<60> <^7 ^a1<^1> 
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£ 9-1- ^s>^, afli 7l^-(50) ^Hl ^^^"(52), <^^(54S)sf ^fl^^ 

<3(54C)4 =efl<y <3^(54D)°.5. ol^-^^l *fl2 7l#(54), m ^^^"(72), >Hl 13 2=^# 
(74), ^14 ^<3*K76)°1 ^^JlS. 9X^. ^13 ^<3^(72)£ ^-sJ-^-o. 

5.*), ^l^M ^eM^, *fl 4 ^<£*K76)£- ^1 13 M^^(74)ofl ^Vl^l 

*fll3 J=^#(74)AsL^ ^m^^r ^-i- *KH?]-7l fl^ ^o^^S^l, <^1# ^ 

S= ^ltl^ lO^/cnf el a] a>o1e ^ u(-oiEe}oi^A(siN), PZT 

t°14. ^13 % *fl4 ^^^-#(72, 76)^ *1]13 ^§^(74)^ ^^S. ^ S-H 

Til^^A^ ^4 ^^^-(76)2] ^ ^Hl ^ *i<3^ sflEil-(78a, 78b) ^1 ^ 

#3^3. ^DW. ¥ ^^(78a, 78b)^r ^ ^^^^(54C) ^ 

^€ *fl3 ^^^-(76)^ ±^ ^Hl^i cg^(54S) ^ =efl«l <^ 

(54D) $^£.3. &t}. ol^*V - ajo^ sfl^(78a, 78b)^ n}-^ 

o\] m ^ *fl2 isH<>H(80a, 80b)7> *§^£H 9X^. *)U ^ *fl2 ^nflo] 

*l(80a, 80b )^ #5.^ 7llolE(f loating gate)^ ^>-g-s)^ ^^.S., ofl^tfl 4^-^ (Si) 
islH^ol %o] til-^^cf. ^ 51*}^ ^5|lol^s.(80a, 80b)^r ^ 

9X^. ^113 S ^^(74)011 ^^ 7 > ^s)^ *H^<8 3(54C)°I) *fll ^ A]2 S.&<% 
^uflol^s-csoa, 80b)^ #2H1 se^Hfr 3.7}S] *\)4 °^}^(70)o] ^g^tf. trfe^ 
1 ^ ^12 ^4°l^il:(80a, 80bMV<>l^ -#£r°lH 100nmol^>«y ^Joj ^^-^1 

*M=f. *fll ^ *ll2 ^311^^* (80a, 80b)°l ^^^1 *fll ^ *\)2 5. 

£JQ ^3llol^s. (80a> 80b )A>ols. afl o.- ^5 ^<g^-(82)ol ^^S]o^ olcf. ^5 ^<gnl. 
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(82)£ *H3 ^ X]4 ^£^(72, 76)icf ^£ H>^^>cf. Xl5 ^^^(82)^ s%s% 

tiMl- 7llo}ES. ^}-§-^TT 7fl°m ^^-(60)01 ^£j<X OlCf. 

<63> <^8 

<64> x)7 ^aHIo} ^] 13 e^^( 74 ) xj-sl, ^- Xl3 ^^(72)3 ±7$ #ofl Xl4 <# 

*]-^(70)^ £17H sfl#3^r ^114 ^ Xll5 S.^#l-(84a ( 84b) °1 ^ 

5]^ 01 ji, Xl3 ^<£^(72)^ q-x^^l cg^ol xll4 ^ Xll5 M^^-i-(84a, 84b)* ^ 
^16 ^^^-(84)^.^ 3* *H^S}^1, ^gsl Xl8 ^Al^cfl oj*V c^^j. E^fl^l^ 

3^ *fl7 -^Hl^f ^ o. ^--^ ri ^] 15 s^^#(84a, 84b)£- Xl9 

^1 12 S^##(68a, 68b, 68c, 68d)^ -§^tt ^-^-S. EBijf s ^ 7^1 = ^ M 

<65> <Xl9 ^Al^> 

<66> XU 7]^;(50)^^ X| 3 ^<3^(72)7}*]^ >y-7]^- ^H^- ^^-t)-. 

<67> £ 11 -§- %^<5}i3, Xl3 ^£^(72) ^Hl XI 14 ^ XI 15 M^##(84a, 84b)<>] ^ 

£]<H $U, Xl3 ^«a^-(72)^ M-^^l ^ A oHl XI 14 * X115 J=^l-(84a, 84b)* ii 
^ ^16 ^^sV(84)ol ^^£]<X $|cf. X16 ^<&^(84)2] *%^}31, n. K^) 

7]}o)^(86)7} ^IsL ^^sjcX ^j=l Xl°lIL(86) ^ofl xl7 ^^HV(88)ol 

^^^^ ^17 *i<3^(88) X]l ^ X12 ^ ^l o lSl-(90a, 90b)°l 

ojnf. X]6 ^ X17 *t<S^(84, 88)^ ^sK^t}. *}1 ^ Xl2 ^ 7ti°lJ=#(90a, 

90b)^ XU4 ^ XI 15 JE^^#(84a, 84b HI XI Aj-g-^cf. # 7 1 

* ^H*fl *lll ^ Xl2 ^--f 7iHSl-(90a, 90b)Xl ofl^tfl 20V~30V^£ ^]7> 
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*fll ^ ^2 ^ TllolMl-OOa, 90b)£r ^^^^(540^1 ^-§-£)^r *fl7 ^<?l^-(88) 
^MH *1]4 <#7}^(70)^ £17H1 tfl-g-s]^ *fl4 ^-^(D4)-?V^ °}^S)o] oicf. 
<68> <*lli0 ^H]> 

<69> £ 121- t2s}^l , ^9 ^H]^ ^14 ^ XI 15 S^^#(84a,84b)^- tfl^sH *fl3 

^^nv( 72 )^ ^6\] M^#(74)ol ^JL, X113 S^#(74)^ ^i^<^l *fl4 

A. 

<70> £ 13^ (a) ^ (5) o. ^ av-^v ^ U tfl^l xuo ^AHjofl ^-^^ 1=^*1^ 

^(Ev)^- ^lEifl^ ofli^l xT-tf (Ec) ^. t^o^tf. 

<7i> £ 13 (a)* M^^#(62a, 62b)<H] ^l-7> ^33*1 nfl f 

«3(54CH ^cf. 
<72> ZLeii4 ( ^>#ol J=^^i-(62a, 62b)o11 ^5]^ s. 13 (bHl 3EAlt!: ays}- ^-o] 

H^l-(62a, 62b) ^>>5fl^ ^^^^(540^1 oflM*] ^ o] ^^^c|-. £x}^o] e^^ 

(62a, 62b H] f^s]^ ^-71 oflui^l ^"^4 ^1 S^##(62a, 62bMH^] *fl^<8^ 

(54CH1 ^7]-^ *$^S\ILS., ^7) <#7}^ #7l ^ui^l ^*\o)) ^Z^o)?)] 

ole^ ^sfe ^^ofl €(potential wellH ^-4 ^f-^Kf. 

<73> olsf ^0] E ^^s.( 62ai 625 )ofl ^} 7 }. ^*}£]o] o^].^ ( _ £ 50) 56) -efl^ oflui 

*1 ^S]^, £ 13^1 (b)£^l W>Sq- ^-O] <^7>^(56)ofl N7fl^1 oflui^ ^ 

^(El...En)7l- ^^1}. M^j#l-(62a ( 62bHl #7>1-°1 TflojE ^^-(60)^)1 
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^7^^ £<$o] oflui^] §fl(El...En)4| Sfl^S)^ ^^^^(540^1 #7l oflM 

*1 ^M^Rr 3*V^ s#ol ^fl^tf. ±±+ ^ j=eflo] ^<*(54S, 54D) *\ 

<74> ZL^uj- TflojE ^^-(60)^) $]7>3fe #<&o] 6(u|^ ( E l . . .En)°fl ^^5)^ &°1 

6 >M^, #71 c+^i^l- E^U^e)^ _2_5L(0FF) #Bfl7> £H ^^.^ 9J ELZ]}°± 

<3<3(54S, 54D)a>°H ^7} jHiM &7fl ^cf. 

<75> ^-o] E^^l^E^ #7l <£*}3 ^ 6(u|^ ^H(El...EnW 

«fl^=l^ TlMS ^^H^ £-( 0 N) #Bfl7> S]7l nfl-g-ofl, #7] T^*}- ^^^7} 
(ON) #EfljL € Sife 71HH #71 <9*HH ^Tfl*}^ oflvi^l 4^7H 

<76> E^^s.( 62a> 62b)^l J=^£ Sl^HM ojrdjj n|.e|. £ 13^ (bHl °fl 

M*l #^ ^°}^r iH^^. ofl^cfl, 0 c£ 0 l 3*^" #71 oflui^l # 

33 VtfTfl Sjjl, J=^ #*>»3 <y=ol g^-Ij. 4V7I oflui^l ^rtcq ^o}^ ^ 

<77> o]9\- QO] M^SJ #*}#°1 o^oJI oflu|*l ^ol7> £Sj-«fe 3 -f , 



#7l <H1M*1 #«*3 ^-ojofl ^ <&X\$o\]*\2) 6\}xj*\ §^7} ^^V7> 
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<79> 



Jl^* ^o>Ji7l 7fl°lH. €^(60)4 «3=^(56)A>ol^ T^l^i *J ^1-^^71^^ 

(oscillation period voltageX^ #*3*r$i4. °H , #7l ^^lH^ ^ ^1 

^7}&<&-& AA A% 1 ^ 2^ ^ol^lcf. 



<80> 



<81> 



<82> 



2] 



Ccg=s Si02 lV ch - 



'eg 



eg 



eg f 



eg 



A o v 7l ^«H=i H^i, Ccg^ e « 02 ^ TflojE ^(60)4 <£*}^(56M> 

°H1 €^fl*Rf -fV^^, # Si0 2 ^ -8-3I-M-, Wch^ *im<g<*M Scg^r M^M- 

(62a, 62b)*}°}S\ #3*, TcgTr #7] ^##£l ^^4. # 7 | 2*1H q 

4-§- ^ ^-71 1 *J 21- oj-g-sH ^r^^> e^^i^e-1^ 71 

3fl^l€^ £ ^1^71^^ ^^1- 144^4. ^"71 €^HH ^H^^^^l 

^(Wch)^r 30nm, ^7) -ft-*lf^ 60nm^ 44 Jl^rSS^. 
<84> [ £ x] 



<83> 



Sch(nm) 


Ccg(aF) 


AVcgtmV; 


40 


0.24 


667 


90 


0.76 


211 


140 


1.3 


123 


200 


1.86 


86 
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<85> ifls] Sll- M«af^(62a, 62bMW3 ^(Sch), # <9*>3(56)Sl 3.71 

3^ ^1^7l^«a-(AVcg)^r ^7}*!:^ 3* H: ^ M^#l-(62a, 62b)A>o] 

^ #3(Sch)°] f<5f|^s E^*]^ jL3f7> ^7>f-^ SH^cf. 

< 86 > a 0 v 7 i <M ^41- neflSS. M-E]-\E 3M £ u ^ £ 15o]cf. 

<87> £ i 4 ofl^ nEfl^(Gl)^ <$x}%(56)2\ 37), ^ M^#l-(62a, 62b)A>o]^ ^ 

15S1 *l]3 ifl*l ^|5 ZLSfl^l-CGS, G4, G5)£r AA H«8^#a>o1£J ?>3(SchH 140nm, 
90nm % 40nm^ ^^t 7l]o] e *}<y-(vH tr^ ^efl"?] ^(nA)^ 

<88> tfl^l ^15 ZL2fl = #(G3 f G4, G5)* , ;E.Efl<y ^ 3)3L7> i+iq. 

<d A]^0.5.«-Ei ^71 ?1E| 711 o]E ^^l ^1^71 ^^(AVcg)^ ^7>^ nflp}t}- £L 

<89> ola^V ^\o S JjL E i ^7l^o|-ol ^ c^j. E^] iE ^ ^ o) E ^oj-o] 

<90> Tll^sfl^, ^ cf^7> E^l^E-lo) 7))^ wj-wj^ ^*Vcf. 

<9i> E 16 °. #S*>^, afll 7l^r(50) *U ^^(52), *fl2 7^(54), *fl2 

(57) £ #^#(58)* °H, X| i £ ^<3^(52, 57)^ 

#3}-^JlS f§s$-5\3L t Ee« #l3#(58)£- 4i^Sl E-g A}o|E i ofl^cfl 1012/cufo] 

^ A>olE^- o.^^ gc- 5L^O_£_ ^7>o) 7j O- , E^ 
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(58) -8: L|ol^^l£f a^r PZT# flS. *g^£)i4, °]^)^ -R-^^S 

— #^#(58) ^H] ^^V(^£^)-i- °H a>^1^- 

^H^H ^"71 ##<2}-§- sflE^^}^, ^ XtmS))o_S, e eh #^f^(58) 

^ <^^-7> ic#£)*r sfl€(Ml)ol esh #^^(58) #<H1 *Hl 

3|]^(M1)# -^z| *>^3-5- ^-g-^H #^#(58)^ ^ 2 

^-(57)ol jELe^ nfl^H ^lTl^cf. o| sj-^ofl^ sj|ifj(Ml)<£) 3.<$& S^j -§- 

^(58)^1 ZLcflS. *U}£)j1, ^11 ^^(Ml)^:^ #^(DH ^Sfl ^ *1]2 

(54H °<M-^ 37l7> ^5qjELS, *m 3fl^(Ml)^ ?_V^(D)^ 0^-q- 

^ £LS), lOOnm^l #^#(58)^ ^#<g ^ o] ^7^ 

£ %^*}^, ^2 ^^^-(57) ^ 0 H1 #^fK58)^ ^-]z| a>-o] ^ U nj 

*fl2 M^#l-(58a, 58b) ol 3^ m. ^ 01 cf. * *fl 2 Ji.^l-(58a, 58b )^ 

i 18^ %V^^Tg _ ^ 2 ^<£eK57)# ^^1^ ^ A]2 S^#(58a, 58b) # 
0.5. *)12 ^<2^(57)* i^^l ^lsL cf^-, zl ^ftsl-t!:^. 
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/ 

=l£\JL ^2 ^^^"(57)^ ^E^g).^ ^igofl ^olE ^(60)# ^ ^*flS ^Wn}. A 
^(60) tfofl A2 7l^-(54)ofl ±Sl^ °A <3^(J£ 19^ 54S, 54D 

*fl2 3)]Bi(M2)# ^*VtK o)o)*\ ^^(M2)^r *}^£L 

3. *M ^2 3fl^(M2)ol ^^1- ^^ofl ^#(92), ^^tfl ^2 

71^(54)^1 5L*d^ tiVcflSl^ ^2 sflli 

(M2)^r ^ll ^ ^]2 S.^##(58a, 58b) °] ^-fi- ^ ^ t^e ^^-(60) 

^ ^-ofl ^*Rr 3H Hf^^*>cf. ^-71 o]^- 7l^(54)ofl 

^_SL^ ^ J=efl°l <3^* ^^*V7l ^lH-S., *+~ (92 )o] ^2 7l^(54)ofl 

sfl^(M2)* ^fl7l*>^ f £ 19ofl *W *fl2 7l^r(54)^ A}2 sfl€(M2) 

cfl-§-£l^ *II^<8^(54C)°1 ^^slJl, 5fl^«^^(54C) °<m°ll ^-2-^ <3^(54S) 

^ JE.efl<y <3<3(54D)°1 ^^^cf. 

*V^, £ 20^1 ^ol ^]2 ^<3^(57)Sl *n^<8«J(54CH ^-§-3^r ^ 

cg^ Aj-ofl TflolE ^ 2fl^(60a)# 711 o]e *fl€(60aH *8>8€ ^ 

4# A o V 7l*V l-^#(92)# °l£r ^oj^j.- ^-fofl £ ^]2 7l^-(54)ofl 

i * J=efl<y <3^*(54S, 54DW ^€ ^ 5£^. °H , £^ ^#(92)^ o]^ - 

^ltb ^*IM ^ A>^Vol ^^.OJL 7l;*fl£M ojo^uf, ^f^ ^ o} 
tb^*}^ ^^l^l^Cf, Uj-eJ-^fV ^Al^O) a^S.^ ^S^C.]: *Vcf. ^S. =.o^ ^. 

^r*Rr 71^ £-0)0^ fAVs] ^^1^- 71-^1 7>£f^ ^ojE ^ ^ M^f^ 

^^-^^ ^Hl^M- ^^^T ^ SiJl, c. ^3 o.^^ £ - C)-^ 
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^Cf. *fl-£-°fl ^*HH Sj^M *<^H ^ ^}o] o>u)jl M.^ 7$ 

^$H1 7l7fl^ 71^^ A}^6\) o]*fl ^^^ 0> ^ 

*m^^r ^ SUr^l. °13£r *£<%£\$= ^ 37l# ^<£i5}7)] 
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2 7l#; 

A o V 7l ^2 71* -tfofl ^ 

\^ <g <** ofl ^c^tr §>U|-S] ^V^ol ^ ^0.5. # 7 ] 

TIMS ^^g. ^W^fe ^j-g. S^O S nflt^ 71^-1; ^ ^-^7> E^J^^Ei. 

[^^J- 2] 

s pflael 71^ ^ cj^^ E^x)a E ^ 

[^T 1 * 3] 

nflS.^ 7l^ ^ ##7f E^l^B]. 
[^T 1 * 4] 

*fll 7l* ^ *fli ^o^; 

€ all 2 7]*; 
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^-71 Sfl^SH *\o\^ i5}^B\ <#7>^ol ^ ^-fr ^JES) #3 ^"71 

^ 2 vfl^flS)o] AV 7 ] ^cg«* O.S^-Ei E^^fe ^7}7> M^SL)^ JjL 

^"71 2)12 ^<3^ A cH] T^E ^^g- ^H^fe. ^lO^ ^ rij) £El 

71^* ^^7> E^^l^Ei. 

5] 

[^T 1 * 6] 

[^^8- 7] 

8] 

*H 4 %H1 SU^H, ^"71 afll * 2112 *i<3^gr ^^o] ^ 

^ll2.Sl 71^^- E^l±El. 
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9] 

A oM *1]2 «h£*fl^ tfoj] E^sy ^*Hfr *1]2 #31; 

^"71 A]2 *K£*fl#<2] ±^ cgolo]) Tlo]^ *}^cq o^Y^o) ^ ol^- ^co] 

A o V 7l S^f^M^] AV 7 ] ^^s]^ t)| o] _E ^*>^ ^ 4 

l^^-Q 10] 

HI 

9 5^1, *fl4 Aj- 7 ] 7|1 oj _E a o V 7 ] E^^^ol o^*L 

12] 

9 SU^H. ^"71 7^14 #3)^, 
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#7l J=^# #°.5L #7l E^ ^ ^6\] # 7 ] 711 o]E 

13] 

9 ojo^, #7} *fl4 #7)1^, 

#7l j=L^#* glJE^ #7l ^^J-Al ? 1^ ^ 

#7] #71 ^ «gJf ojo* ^-ofl #71 711 °m 

-8: ^g^Rr E-l X^>^ ^-g; ^^jo^ ^ cf^7]. M^H^l^Ei ^11^ wj-^ . 

14] 

*H 10 ^1 91°]*}, #7l ^5 ^711^, 

#71 ^ =efl°J ^^A>oHl cfl-g-Sl^ #71 TflolH ^^o) ^ <^<* AH] 

^im-g. ^#<5}^ ^-711; ^ 
#71 p>^3. 3fl Hoi ^1 #71 °l£r ^r°J§Kr ^7jl# C-] 

5L^>^ 3l* ^-^^-5- ^ S^^l^Ei ^IS 

[^^•^ 15] 

*fl 11 ^Ml #71 *115 ^:7^H1^ #71 ^SL^ 31 JELefl<y ojo^ ^oi^ 

p}^£UsL #71 Tflole ^^-ol t§>^ ^ofl #71 SL*1# ol-g- -ol 

*H ^*Hr 53w ^K 1 §>fe ^r^7> H^^l^Ei aflS . 

16] 

*1 12 *<M1 9lo}*\, #71 *fl5 ^741^, 
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^-71 3fl€°l ^€ ^1 ^"71 £^ lr^#^r ^l^r ^<y*Rr 3 

17] 

*H *§^*Hr -^°.3L *Kr ^^7> E^J^^Ei ^flS 

18] 

10 S^r *)1 11 5a°H, aV 7 ] e^^ £7 ]- ^o^SlOlS/cufol 

l^T 2 "^ 19] 

^1 12 ^ *1] 13 %H1 &<>H , #71 M^^l- ^-^§1 ^-E^>£^- ^>7l 

20] 

*)1 12 SL^r 13 %H1 5U<>H, #7] J=^#£r M^^£7> ^-ElO^/cnf?] 
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21] 
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